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Concurrency of development of the training subsystem is
rapidly becoming a key concept in the development of new materiel sys-
tems. The development of the training subsystem must occur concur-
rently with that of the prime system , in order to meet the objective
of having a total system operational when it is fielded. This

O requires that the development of the training subsystem commence early
~~~ in the life cycle of the prime system , i.e., in the conceptual stage.

Towards this end a number of activities concerned with  concurrent

L.LJ 
training development have been outlined in such documents as DA Pam—

p phlet 11—25 , the Life Cycle System Management Model (13). These
activities include the identification of requirements for training
devices. Once a decision has been made that a training device is
required (and there is an increasing impe tus towards u tiliza tion of
training devices), the training device concep t or al terna tive concep ts
must be evaluated . 

-

~~~~

Due to the time constraints pushing in from the deadlines
associated with the ongoing system development , the training developer
must make decisions or judgments early on in the process , when informa-
tion available from the prime system development may be sketchy. While
the development of the training device concept must commence as soon as
possible in order to meet t he r equired deadlines , p ar t icu la r ly  on long
lead—time items, “bending of metal” for prototypes cannot begin before
the design freeze of the pertinent segment of the prime system . There-
fore, assessment of training device concep ts becomes more dependen t
upon the use of anal y tical as opposed to emp irical assessmen t tech-
niques. Also , the rising costs associated with the development of such
devices gives rise to an increased requirement for development of a
sy stemat ic  met hodolo gy for the assessment of such concepts.
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One methodological tool , or decision aid , which has been
developed to assist in making such judgments is known as TRAINVICE.
The original model was developed for the Army Research Institute and
was based upon an extensive literature review and analytical work by a

— 
team of experienced behavioral scientists (15, 16 , 17). A revision of
this model based upon experience gained in its utilization and which
we may call TRAINVICE II, is being developed with the aims of increas-
ing the practicality and flexibility of its application and making the
methodology more amenable to utilization by a wider spectrum of users
(9). This paper will concentrate on the rationale for TRAINVICE II
and the difficulties involved in the development of a practical model
which provides for incorporation of the variable experience and per-
sonal jud gmental factors of the training developer or analyst vis—a—
vis available recommendations or guidance.

TRA INVICE II

Essentially the model provides a framework for asking three
questions concerning a t ra ining device concept .  As g iven in Figure 1,
these are , “What ,” “Wh y , ” and “h o w . ” These three  ques t ions  are asked
for  each unit  of behavior that is being trained by the device.  A
training device represents  a cluster  of ac t iv i t i e s, which become
be t te r  defined as the  concept becomes b e t t e r  d e f i n e d .  This may take
the form of de f in i t ion  at the task , subtask , or skil l/knowledge level ,
which represents the component physical and mental  ac t iv i t i es
involved . Such a model as th is  is best u t i l ized when in fo rmat ion  is
available to the finest meaningful level of detail , as the required
judgments can be made more accurately . However , an a ttemp t is being
made to have the model accommodate information at a more molar level
in order to ini tia te analysis as early as possible in the development
cycle. (A corollary requirement is imposed upon the ineteriel devel-
oper to make detailed information available as soon as possible to
mee t the needs of the training developer.)

In order to answer the question of “what” is to be
represented in the training device , two judgments are required. The
first deals with the requirement for the unit of activity to be repre—
sented in the device , while the second ascertains if that unit is coy—
ercd . These two judgments together have as their objective the deter—
mination that the spectrum of activities covered neither exceeds that
which is necessary nor leaves out any tha t  should be covered .

The “wh y ” quest ion component deals wi th  a more de t a i l ed
“defense” of the  reason fo r  inc luding  the un i t  of ac t iv i ty  which was
deemed to be necessary in the previous judgment  and which is indeed
included , or is to be included , in the device.  This assessment is

9.~
~~~~~~~~~~

.. , 
. ~0 I.



NARVA

WHAT

Coverage Requirement

Should this unit of activity be represented
in the device?

Coverage

Is this unit of activity represented in the
device?

WHY

Training Criticality

What level of prof iciency is req uired in
this unit of activity ?

Training Di f f i cu lty

110w difficul t will it be to train for
this unit of activity?

Physical Characteristics

How well do the physical characteristics
of the device involved in training for
this unit of activity meet the perceived
requiremen ts and app licable guidelines?

Functional_Charac teristics

How well do the functional characteristics
of the device involved in training for this
unit of activity meet the applicable guidelines?

Figure 1. Judgments made in TRAINVICE II
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performed relative to two aspects; Training Cr i t ica l i ty, which relates
to the degree of proficiency required at the end of the training, and
Training Difficulty, which considers the degree of d i f f i cu lty to be
expected in training to reach the desired level of proficiency . When
these factors are assessed quantitatively ,  these judgments in essence
give a weighting to each required uni t  of act ivi ty  covered by the
device. It should be noted tha t  the decisions concerning “what ” may
have to wait upon or be changed by feedback f rom the decisions con—
cerning “why ” an act ivi ty  uni t  should be included in the device ,
depending upon the stage of development of the device concept.

The first two questions dealt with an assessment of the
spectrum of activi ties to be covered by the device , and not with how
these activities were to be taught or conveyed by the device ; the last
ques t ion “how” deals with this aspect.  The “how” quest ion considers
two aspects; do the physical characteristics of the device follow
available guidelines of “good prac tice” and do they fit the perceived
req uiremen ts of the training device developer , and are these phys ical
characteristics utilized in keeping with available guidelines for
“good prac tice”; are their functional characteristics such as to make
for good training?

The assumption is being made that the potential for transfer
of training will, increase as a function of the degree to which the
required activi ties , physical and men tal , are represented in the
device and the degree to which the training device follows “good”
practice in training in these activities. In addition , each of the
activity units is appropriately weighted by the degree of skill
required and the degree of difficulty involved.

At th is point it may be well to discuss the utilization of
the model for both prescriptive and predictive purposes. It is hoped
that such a model as TRAINVICE II can be utilized for both purposes ,
in keeping with the objective of utilization as early as possible in
the development cycle. A prescriptive utilization would be for the
a priori formulation of the training device concept; predictive utili-
zation would be the application of the model to an existing training
device concept or prototype to predict the effectiveness of transfer
of training which is to be expected through use of the device. When
informa t ion is incomple te, due to the stage of development of the
prime system or the training subsystem , the pr escriptive mode takes on
added importance. This aspect will b~ touched upon as we now go
through the model in more detail.

Coverag .rcme~~~~~~al~~~~s. The f i r s t judgmen t  to be
made is whether each of rhe skills (or knowled ges) subsumed und er  the

~
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training objective should or should not be included in the training
situation. Depending upon the stage of development of the training
device, this analysis may help to delineate the range of skills to be
represented in the device (the prescriptive mode), as well as assess-
ing the range of skills represented in a device (the predictive mode).
The judgments may be recorded simply in the form of a checklist , or ,
if a quantitative prediction is to be attempted , through the use of 1
or 0, to indicate a requirement for a skill/knowledge, or lack of a
requirement, respectively . This analysis is a “gate” only ; it deter-
mines If the skill should be represented ‘Lu the training .

Coverage Analysis. The second judgment is made by comparing
the skills which have been judged to be required to be included in the
training with those that indeed are included in the training device
concept. This judgment may not be possible to make in the prescrip-
tive mode , before a training device concept is formulated; however , it
could take the form of a checklist to be utilized as the concept takes
form, to ensure that all the required skills are included . In the
predictive mode, when an existing concept Is being assessed , a “1” may
be assigned rat her tha t  a checkma rk , and a “Os’ u t i l ized, rather  than a
lack of a checkmark, in order to feed into the overall index of pre-
dicted t raining device effect iveness which will be subsequentl y
derived.

If the coverage requirement rat ing is “1” and the co verage
rating is “0 ,” this would indicate t ha t  t raining in th is skill is
lacking and steps should be taken to include it or the device will
s u f f e r in its overall rating . On the other hand , if the cove rage
requirement rating is “0” and the coverage rating is “1,” this would
indicate that unnecessary training is being provided and should be
eliminated from the device , or its overall rating will also suffer .

Training Criticality Analysis. For each of the skills that
have been judged to be necessary to be represented in the training
situation and are indeed represented , a judgment is mad e as to the
degree of proficiency required in that skill at the end of trainiug.
In the predictive mode , foi. the assessment of an existing concept , the
following rating scale , adapted from Demaree (3), is used :

1 Should have limited knowledge of subject or skill
2 Should have received complete briefing on subject or

skill
3 Should have understanding of subject or skill to be

performed
4 Should have complete understanding of subject , or be

hi ghly skilled
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In making this judgment , the analyst must take into account the nature
of the skill and the degree to which the training will be supplemented
by subsequent on—the--job Lraining .

This rating could also be used in a prescriptive mode, in
making decisions concerning which of the skills is to be represented ;
in working back to the coverage requirement decision.

Training Difficulty Analysis. In addition to assessing the
level of proficiency required for each of the required skills , a judg-
ment Is made of the degree of difficulty which is to be expected in
attaining that level of proficiency , for the particular skill and
trainee population involved. In the predictive mode , the following
rating scale, adapted from that of Rankin (11), is used :

1 Minimal or none
2 Some
3 Much
4 Substantial

The various factors which must be considered by the analyst
in making this decision are not explicitly delineated or extracted for
judgment , but must be integrated into the judgmental process. These
factors are the required level of proficiency, the level of skill
existing in the trainee , and the inherent level of difficulty of the
activity per Se. The analyst must rely upon his own experience or
knowledge concerning the difficulty involved in train ing the various
skills or rely on others who do have the experience , or attempt to
extrapolate from available knowledge concerning related skills.

As was the case for training criticality , this rating may be
used in a prescriptive mode , in making decisions concerning which of
the skills are to be represented ; in working hack to the coverage
requirement decision.

Ph~~ical_Characteristics Analysis. Having considered what
skills are covered by the training device concept , and why, we now
turn to a consideration of how these skills are to he taught. The
first judgment in this respect is that concerning the physical charac-
teristics of the device .

A training device may be considered to be a mosaic of
specific elements, be they displays , controls , inputs , outputs , or
cue—response pairs. These elements may be likened to the simulation
elements proposed by Smode (12), with the configuration and operation
of the training device determining the spatial placement and temporal 
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sequencing of the elements. As Matheny (8) has pointed out , the
assumption may be made that it is perceptual equivalence that results
in positive transfer from the training to the operational situation ,
and it is the adequacy of these simulation elements in terms of per-
ceptual or psychological equivalency, not physical equivalency , which
must be judged. The total training device , and indeed each of the
elements embedded in that mosaic , may be considered to lie within a
space defined by the dimensions of fidelity and abstraction. Levels
of abstraction range from the i-cal world to mathematical models repre-
sen ting dynamics taking pla ce in that  world , they are analog ies of
the real world , while fidelity varies as to the comprehensiveness and
level of detail to which the external world is represented (5, 10).
In order to deal with the multiplicity of degrees of abstraction and
fidelity with which training devices may clothe themselves , it was
deemed necessary to transla te the specific simulation elements into
generic characteristics. This brings the number of specific possible
forms that each element may assume Into manageable proportions and
provides for a common base upon which to make the required judgmen ts
concerning the stimuli and responses, or physical characteristics of
the training device. Such a listing has been taken from tha t given in
the TECEP technique of Brab y,  et a l  (2), and is shown as Figure 2.

The analyst must make a judgmen t as to wha t generic
characteristics are required and rate the existing generic character—
istics against this. criterion. In order to make this judgment , be
must draw upon his own perceived requirements for each of the elements ,
or turn to others , either directly or through reference to available
guidelines, or both. Some guidance may be gleamed from the litera—
ture. However , a simplified version of the Aagard and Braby guide—
lines which is utilized in the ISD model (1, 14) appeared most suit-
able and has been adap ted for use with the TRAINVICE II model to give
some guidance to the analyst in making the judgments concerning the
physical characteri stics , in conjunction with his own perception of
the. requirements. However , these guidelines were intended for utili-
zation in instructional system development and instructional delivery
sys tem or media selec tion , and no t for  scrut iny of spec i f i c  aspe cts of
a training device. The development of more specific guidelines is
needed. These guidelines deal for the most part with functional
aspects of the training situation , such as the sequencing of learning
events. However , selected guidelines m ay he extracted as being appli—
cable  to the design of specific elemen ts of the training device or
s i tua t ion .

The procedure followed in performing the physical
character is t ics  anaiys:is is shown in Figure 3. For most effective
utilization of the model , task information down to the skill/knowledge
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STIMULUS CAPABILITIE S

Visual Form Scale

1. Visual Alphanumeric 13. Exact Scale
2. Visual Pictorial, Plane 14. Proportional Scale
3. Visual Line, Plane
4. Visual Object, Solid Audio
5. Visual Environment

Visual Movement 15. Voice Sound Range
16. Full Sound Range

6. Visual Still 17. Ambient Sounds
7. Visual Limited Movement
8. Visual Full Movement Other
9. Visual Cyclic Movement

18. Tactile Cues
Visual Spectrum 19. Internal Stimulus

Motion Cues —

10. Black and ~4hite 20. External Stimulus

ft . 
11. Gray Scale Motion Cues
12. Colorr

TRAINEE RESPONSE MODES

21. Covert Response 28. Broad Movement
22. Multiple Choice Manipulative
23. Pre—programmed Verbal 29. Tracking
24. Free—Style Written 30. Procedural
25. Decision Indicator Manipulative
26. Voice
27. Fine Movement

Manipulative

Figure 2. Ceneri.c Characteristics List
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level should be avai lahi le .  The reason ei ~~- i  s i s  t ha t . th e  g i s i d e l i  ine~:
are accessed through means of behaviora l  c a ’  gu s - l o s ;  there  is ri di --

ferent  set of guidel ines f o r  cacti  of the h - ~:: vior a i  ca t egories , anc~
the ski l l /knowledge involvc-d must  be tr uis i ::t nr ~ in to  a 1)ellavlorol c a t —
egory . If an analysis  is done a t  the subt k level , more t h an  ose
behavioral category may be involved an~. I lure  giii J c�i i .nco m n s s l  bc c:o --
sidered. Also , fo r  each of die sk i lls .  i n fc r n ;t i o n  con c ern i n g  thc-
displays and con t ro l s  involved in irnpL u si . t i . n n  of t h a t :  s k i l l .  should
be available, as i t  is the generic cbs : t c ~~.i s t i c s  of t h e s e  c o nt r e i s
and disp lay s which are to be assessed. In l ie  p r e d i c t i v e  mode , ca d:
of the generic cha rac t e ri st i c s  associat  cd ~•:i ti ; each of t h e  d isp l a y s  or
controls (or cues and responses)  is r a t e d  i n ~ i:he scail s sh oxm i i
Figure 3. Therefore , each of the  disp lays  c controls , or physical
character is t ics, receives a physical cliiracc eri sti cs score w h i c h  is
the total  of the r a t i n g s  g iven  on the app . - ah .e genes-i e ch arac. t i
t ics .  In addi t ion , the maximum r a tin g  is ~uo, for  i n c h  of t h e  ap 1 ]. i~
cable parameters  in order to provide a base fo r  assessment  of t i m e
device in the index subsequen t ly  c a l c u la t e . The p a t i o s - n  of these
ratings may serve to “hi ghl ight ’t the v a r ie s  v - ? ~ys ical .  c le i r act e r i  a t  i c r
of the device , both  those tha t  are o u t st a n d in g  and those tha t  need
change. In addi t ion , each of the cli r ac ter i s t i c s  may r e q u i r e  a j u st i -
f ica t ion  in order to  cont m l  f o r  the i a t  re~ I b c  of u n n e e d e d  f e a —
tures.  in order to der ive  the  Ph y sics ~ h a c i c r i  st i c i ;  rating f o r  t i c :
skill involved , the r a t i n g s  given on cccl; cf the  d i spl ay s  or con t ro l s
are added to g ive the t o t a l  f o r  t ha t  sk i l l . . f T e re fo r e~ the  presence
of a “0 ’  ra t ing does not  e l i m in a t e  th a t  s1~. Y -i f rom the  t ot a l  r a t i ng
but  does serve to downgrade the total c i t  ic-  fo r  : :h e. nk i . ii and su h c e q —
uent iy  f o r  the  device.

If i n f o r m a t i o n  conce rn ing  the spi f~~c ch a rac i  ( r i .s t ics
of the displays or controls  involved is ne ;voi labie  due to I-he st a ; [ (
of development , the ra t ings  may f a l l  hack  ~- ~ prescr i pt ive mode , i n
which the desired generic c h a r a ct er i s t  i c s , j~cs~~ibiy  t h r o u g h ear  as a
checklist , are chosen , in lieu of p e r f o r m  i - c -  a:: s sesnmont  of ex l st i .ng
gener:ic cha rac te r i s t i c s .  T h i s  is a sl:nil:i -- ~-rncedurc t o  t ha t  iii i i i z e i i
in the TECEP techni que of Br ah y et a] (7~~. ‘ I c  TECEP t echn i que  g k’es
recommendations as to ~,ih I cli del ivery s c a t  c , 1 : cc l c l i  ng gen es -ic  classes
of t ra in ing devices , pe rmi t  the  app lies C i s  ‘. Lb- .. I ( [ l I t i  l e g  gui dcl  inc - i
for  each of the behaviora l  ca t ego r i e s ; r~~-~ -

, 

- nd::  ens b sed upon la -
pa t t e rn  of matching  of the generic  ch im u a - t  c . .~ ic i -  i nher  n t  i n  i bs
various delivery systems and those  j u d g e d  1 ccc s sar ,’ by I he a na l ys t
Jorgensen (6 , 7) has u t i l i z e d  a s i mi l ar  i : i i t  ;-; a p p roach  in whi cli the
generic c h a r a c t e r i s t i c s  j u d ged as being is- - i~ 3 ;;rc mmmc l d ied against
various media , of which t r a i n i n g  devices  a’ c - n e  class , in (n-doT t o
select t ra in ing  media most  sui t ab le  f o r  to [sing ‘:;srio;ms tasks,
ever , these procedures  arc  in t ended  f o r  t h e  s cci  i on  of or ( - o mp a r i s o n
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of various media or instruct ional  delivery systems ra ther  than the
scrutiny of a training device per se or comparison of training
devices.

Functional Character is t ics  Analysis. While the physical
charac teristics analysis is concerned with the analysis of the ele-
ments of the training device per se, the func t iona l  charac te r i s t i cs
analysis is concerned wi th  how these elements are u t i l i zed .  The
opera tion of the device is compared against guidelines to ascer tain to
wha t extent “good ” training practices are followed. Once again , these
guidelines are those extracted from the ISD model (14).

The procedure followed in performing the functional
characteristics analysis is shown in Figure 4. As with the physical
characteristics analysis, each of the skills is translated into a
behavioral category , which dictates which set of guidelines is to be
uti l ized. The set of guidelines is consulted as the f u n c t i o n a l ,
dynamic cha rac te r i s t i c s  of the elemen ts involved in t r a i n i n g  fo r  tha t
skill are considered . In the predictive mode , each of the gu ide l ines
judged to be pertinent to the particular situation involved is rated ,
using the scale shown in Figure 4. A judgment is made to the extent
that that guideline is implemented by the functioning of the cluster
of elements used to implement training for that skill. In ord er to
derive a Functional Characteristics rating f or the skill , the ratings
are added to give the total for that skill. Therefore , the  pr esence
of a “0” rating does not eliminate that skill from the total device
ra ting , bu t does serve to downgrade the rating for the skill , and sub—
sequen tly of the device , and may also serve to “f lag ” some aspect that
needs to he corrected. In addition the number of applicable guide-
l ines are multiplied by “3,” the highest possible rating , to give  a
baseline against which the derived rating may be compared in the
subsequent device index.

If sufficient information is not available to make the
required ratings , the procedure may revert to the prescrip t ive mode ,
in which the applicable guidelines are selected , and ut i l ized  as a
checklist for the development of the training dev ice concept. If the
analysis must be performed at the subtask level , then  more guidelines
mus t be sor ted ou t and cons ulted , as a larger unit of activity is
involved , which may encompass more than one behaviora l  ca tegory .

Derivation of Index of Predicted T r a i n i n g  D ev ice
Effectiveness. In the  predictive utiliz atio n of t he  esdol , an index
is derived. This index follows a procedure d iscussed b: Cagne , Foster
and Crowley (4). While not based on one ol their formulas directly ,
it is in keeping with  their concl u s i on  t h a t  the n - t n t  usL - f u  I and 
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practical type of formulation is that based on percentage of maximum
possible t ransfer . It  assumes that  if the device were to follow
perfec t ly  all of the guidelines, as j udged necessary by the analys t ,
that maximum transfer , which could be attributed to the device, would
be the result. This forms the baseline against  which the device under
evaluation is compared. This score is wei ghted by the Coverage
Requirement , Coverage , Training Cri ticality and Training Difficulty
scores derived for that skill. The derived score for each skill is
compared with the score representing maximum expected transfer . (If a
“0” ra ting is given for either the Coverage Requirement or Coverage
Analysis, the total score for that skill is reduced to “0” and makes
no contribution to the derived index for the device.) To derive the
score for the total device, each of the skill scores is added . There-
fore , the index of predicted training device effectiveness is as
follows :

~~CR X C X Ci X D X (PC + FC))i

~(cR X C X Ci X D X (PCmaX + FC max ) )i

where: CR Coverage Requirement Score
C Coverage Score
Ci Training Criticality Score

-. D Training Difficulty Score
PC Physical Characteristics Score
FC Functional Characteristics Score
PCmax Maximum Possible Physical Characteristics

Score
FCmax Maximum Possible Functional Characteristics

Score for each skill.

This equation will yield an index ranging from 0 to 1. The
larger the index, the larger the number of required skills represented
and the higher were the ratings given on the Device Characteristics
Analyses; therefore, presumably the greater the potential for transfer
of training .

Conclusions

(1) Due to the increased emphasis on the concurren t
development of training subsystems , the increased impetus towards the
utilization of training devices, and the rising costs associated with
the development of such devices , there is a need for the development
of a systematic analytical methodology for the assessment of training
device concepts which may be applied early in the development cycle of
the materiel system. 
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(2) Such a methodology must permit the integration of the
variable judgmental processes of the training developer and available
guidance.

(3) A model has been described which provides a framework
for the app lication of jud gmental data concerning aspects of the
training situation which have been hypothesized as having an impact
upon the effectiveness of transfer from the training to the opera-
tional situation. Judgments are made concerning coverage of required
skills, the weighting to be assigned to these skills from the aspects
of training criticality and difficulty , and the effectiveness with
which the physical and func tional charac ter istics of the tra ining
situation follow guidelines of good practice.

(4) In order to apply such a methodology as early as
possible in the development cycle, a prescriptive mode of utilization ,
concerned with assisting in the formulation of training device con-
cep ts, is provided for.

(5) There is a need for the development of more specific
guidelines which may be applied to the assessment of training device
concepts.
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